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Objectives: In this era of managed health care, third-party payers insist that surgeons minimize hospital stay even after
major operations such as aortic surgery. We attempted to identify risk factors that predict prolonged hospital length of
stay (LOS) so that realistic expectations can be established for these patients who frequently are at high-risk.
Methods: In 1994 a clinical pathway for aortic surgery was implemented at our hospital. Between January 1, 1994, and
December 31, 2000, data including identifiable risk factors and LOS were reviewed for 240 patients who underwent
elective infrarenal aortic surgery to treat aneurysmal (n  179) or occlusive (n  61) disease. Risk factors were analyzed
to determine their effect on LOS. Data for patients who underwent endovascular, emergency, or concomitant cardiac
surgery were excluded from analysis.
Results: In-hospital mortality was 0.4% (1 of 240 patients), and morbidity was 18% (44 of 240 patients). Mean LOS was
8.2  5.7 days for all patients, 6.9  2.9 days for those without complications, and 13.8  6.7 days for patients with
complications (P < .0001). Factors that predicted prolonged LOS (Kaplan-Meier method) included age older than 75
years (P  .0004), chronic obstructive pulmonary disease (COPD; P  .0351), intraoperative blood loss more than 500
mL (P  .0006), duration of surgery more than 5 hours (P < .0001), wound infection (P  .0311), and postoperative
complications overall (P< .0001). Remaining factors associated with prolonged LOS (Cox regression analysis) included
age older than 75 years (P  .0050), COPD (P  .0445), and complications overall (P  .0094).
Conclusion: The only identifiable preoperative risk factors that correlated with increasing LOS after elective infrarenal
aortic surgery (multivariate analysis) were increasing age and COPD. Third-party payers should allow longer hospital-
ization for patients older than 75 years and for patients with significant pulmonary disease. (J Vasc Surg 2003;38:
335-9.)
The practice of medicine continues to be heavily influ-
enced by economic impetus to minimize cost. Shorter
length of hospital stay (LOS) increases average income for
each bed per day, and the most lucrative days of admission
for capitated patients are the earliest ones.1,2 Despite the
magnitude of aortic surgery and multifactorial determi-
nants of its outcome, expeditious discharge is expected
after these operations.3,4 In an effort to meet these expec-
tations, our group and others have previously developed
protocols to eliminate unnecessary resource use with the
ultimate goal of decreasing costs and LOS without sacrific-
ing, and possibly improving, patient care and safety.1,4,5
Surgical services represent approximately 40% of all hospital
expenses. Elective operations are far more common than
emergent operations, and consequently the effect of elec-
tive surgery protocols can be significant.6 We attempted to
identify factors associated with prolonged LOS for elective
infrarenal aortic surgery and thereby identify patient popu-
lations that third-party payers may reasonably expect to
have longer hospitalizations.
PATIENTS AND METHODS
In 1994 the Section of Vascular Surgery at Pennsylva-
niaHospital in Philadelphia implemented a clinical pathway
for patients undergoing open surgery to treat infrarenal
abdominal aortic aneurysm (AAA) and aortoiliac occlusive
disease.1,4 Healthcare consultants, vascular surgeons, se-
nior hospital administrators, and representatives from the
departments of anesthesia, cardiology, and nursing partic-
ipated in developing this pathway. Between January 1,
1994, and October 31, 2000, 240 patients in our comput-
erized registry were identified who underwent open elec-
tive infrarenal or juxtarenal aortic surgery to treat aneurys-
mal (n  179) or occlusive (n  61) disease and who also
had identifiable LOS. Data for patients who underwent
endovascular or emergent aortic surgery or concomitant
cardiac surgery were excluded from analysis.
Preoperatively patients were counseled that, barring
unforeseen complications, expected LOS was 5 days. Al-
most all patients were admitted the morning of surgery
unless they were in the hospital for another reason before
surgery. General anesthesia with endotracheal intubation
was used in all patients. Epidural anesthesia with postoper-
ative analgesia was used routinely for 3 days unless there
was an abnormality in coagulation studies, difficulty in
catheter placement, or the patient declined. Invasive mon-
itoring with arterial catheters and pulmonary artery cathe-
ters was routine. The choice of midline or retroperitoneal
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incision was made at the discretion of the surgeon, depend-
ing on patient body habitus, previous operations, and need
for exposure of the right renal or iliac arteries. Immediate
postoperative extubation was performed when feasible, and
all patients were directly transferred to the intensive care
unit.
On postoperative day 1, patients were assisted out of
bed to a chair and later were transferred to the surgical
ward. Arterial catheters, pulmonary artery catheters, and
nasogastric tubes were removed before transfer. Laboratory
studies were performed immediately postoperatively and
only on postoperative days 1 and 2 in patients without
complications of surgery. Physical therapy consultations
were routinely ordered to assist patients in ambulation on
postoperative day 2. Epidural analgesia was provided until
postoperative day 3. Intravenous fluids were liberally ad-
ministered for the first 24 to 48 hours postoperatively,
because of abdominal third spacing of fluids, but primarily
based on Swan parameters. After this, fluids were adminis-
tered conservatively, because diuresis was usually spontane-
ous. Discharge from the hospital occurred when the patient
was able to ambulate, tolerate a regular diet, and take oral
pain medications. Our goal for discharge was the fifth
postoperative day. Patients requiring prolonged or inten-
sive physical therapy were transferred to a rehabilitation
center directly from the hospital, with input and assistance
from social workers, home care nurses, and physical thera-
pists. Days spent at skilled care or rehabilitation centers
were not included in LOS calculations.
Preoperative, intraoperative, and postoperative risk fac-
tors were stratified and compared with the Kaplan-Meier
method (Table I). Factors that were statistically significant
were further analyzed with Cox regression multivariate
analysis to determine whether they were independent pre-
dictors of LOS. Statistics were analyzed with Statview ver-
sion 5.01 (1992-98; SAS Institute, Cary, NC).
RESULTS
In-hospital mortality was 0.4% (1 of 240 patients), and
morbidity was 18.0% (44 of 240 patients). Mean LOS was
8.2 5.7 days (range, 4-28 days) for all patients, 6.9 2.9
days for patients without complications, and 13.8  6.7
days for patients with complications (P  .0001). Median
length of ICU stay was 1 day in this series. Fifteen patients
(6.3%) were directly transferred to a rehabilitation unit, and
3 patients (1.3%) were readmitted because of problems
potentially related to the aortic surgery (partial small bowel
obstruction, n  2; renal artery embolus, n  1). Most of
the patients (14 of 18) who were transferred to a rehabili-
tation unit or later readmitted to the hospital had a post-
operative complication.
Average patient age was 69.9  9.5 years. Mean LOS
for patients 75 years old or younger was 7.2 days, compared
with 9.8 days for patients older than 75 years. With Kaplan-
Meier analysis, the following factors predicted prolonged
LOS after elective infrarenal aortic surgery. Preoperative
factors included age older than 75 years (P  .0004) and
chronic obstructive pulmonary disease (COPD; P 
.0351). Intraoperative factors included blood loss of more
than 500 mL (P  .0006) and duration of surgery more
than 5 hours (P .0001). Postoperative complications as a
group (P  .0001) and wound infection alone (P 
.03111) also correlated with prolonged LOS (Tables II to
IV). History of cardiac disease (myocardial infarction, an-
gina, congestive heart failure, ventricular arrhythmia, aortic
stenosis, coronary artery bypass grafting) approached sta-
tistical significance (P  .0714).
With Cox regression analysis, the only factors remain-
ing that were significantly associated with prolonged LOS
after infrarenal aortic surgery included age older than 75
years (P  .005), COPD (P  .0445), and postoperative
complications as a group (P .0094). Duration of surgery
more than 5 hours approached significance (P  .064).
Although other preoperative risk factors, eg, diabetes
mellitus, chronic renal failure, smoking, and indication for
surgery (aneurysm or occlusive disease), were not associ-
ated with prolonged LOS after aortic surgery in our study
Table I. Factors that predict prolonged length of stay
after elective abdominal aortic surgery
Preoperative factors
Age 75 years
Sex
Race
Hypertension
Diabetes mellitus
Hypercholesterolemia
Chronic obstructive pulmonary disease
Smoking (past, present)
Renal insufficiency (creatinine 2.0)
Cardiac history (myocardial infarction, angina, congestivc heart
failure, ventricular arrhythmia, aortic stenosis, coronary artery
bypass graft)
Indication for operation (aneurysm vs aortoiliac occlusive
disease)
Intraoperative factors
Epidural anesthesia
Transabdominal or retroperitoneal approach
Concomitant distal bypass surgery
Blood loss 500 mL
Operative time 5 hours
Juxtarenal aortic disease (suprarenal clamping)
Postoperative factors
Myocardial infarction (electrocardiographic changes, abnormal
cardiac enzymes)
Pulmonary edema (chest x-ray, clinical findings)
Pneumonia (chest x-ray, fever, leukocytosis)
Respiratory insufficiency requiring reintubation
Deep venous thrombosis (diagnosed with duplex ultrasound
scanning)
Hemorrhage (requiring return to operating room)
Renal insufficiency (increase in creatinine 1.0 mg/dL)
Wound infection (positive cultures, treated with antibiotics)
Acute thrombosis of graft or artery
Failing graft (diagnosed by diminished pulses or duplex
ultrasound scanning)
Local nerve injury
Intestinal ischenva or obstruction (requiring return to operating
room)
Arterial thromboembolism
Other complications (pancreatitis, atrial fibrillation, cholecystitis)
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(Table II), the number of patients was too small to make
any definite conclusions. Similarly, although other intraop-
erative factors associated with shorter LOS, eg, use of
epidural anesthesia (92.5%; 222 of 240 patients) or retro-
peritoneal approach (39.2%; 94 of 240 patients) had no
correlation (P  .05) in our study, the numbers were too
small to conclude that they might or might not be associ-
ated with shorter hospitalization (Table III).
DISCUSSION
Our results of elective infrarenal aortic surgery to treat
aneurismal or occlusive disease compare favorably with a
recent nationwide review by Huber et al7 of 16,450 intact
AAA repairs. They reported mortality of 4.2% and a com-
plication rate of 32.4%, compared with 0.4% and 18.0%,
respectively, in our series, whereas median hospital LOS
was similar at 8 days. Benzaquen et al8 determined that the
major determinants of in-hospital cost in patients undergo-
ing AAA repair included hospital LOS. Although mean
LOS after elective infrarenal aortic surgery has been re-
ported to be as short as 3 days,9 the relatively small number
of 50 patients in that series may provide misleading data for
third-party payers if those results are expected to apply
uniformly to other centers. We previously reported the
importance of establishing clinical pathways for patients
undergoing elective major vascular procedures, which re-
sulted in significant hospital cost savings but without in-
creasing morbidity or mortality.1,4 We agree with others
that obligatory recovery after aortic surgery for several days
in an intensive care unit is not necessary, and our protocol
includes transfer to the regular floor on the first postoper-
ative day.
Preoperative factors
Age. On the basis of both Kaplan-Meier and Cox
proportional hazard analysis, increased age is consistently a
highly significant preoperative risk factor that affects LOS
after major surgery. McAleese and Odling-Smee10 noted
that increased age was associated with prolonged LOS for
approximately 4000 patients who underwent general sur-
gery. A Veterans Affairs study involving 6260 AAA repairs
found that patients 80 years of age or older hadmore severe
illness, higher mortality, and longer LOS.11 Kalman and
Johnston12 found that only age older than 70 years and
absence of a spouse were predictive of longer hospitaliza-
tion after infrarenal aortic surgery. Comorbid conditions
aremore common among the elderly, and these patients are
less likely to have adequate support systems at home to permit
early discharge.13 This emphasizes the importance for elderly
patients of readily available rehabilitation or skilled nursing
facilities, home nursing care, and discharge planning with
input from social workers and physical therapists.
Chronic obstructive pulmonary disease. Other than
age, COPD is the only preoperative factor predictive of
prolonged LOS after elective infrarenal aortic surgery, ac-
cording to both Kaplan-Meier and Cox regression analysis.
Patients were defined as having COPD if a preoperative or
postoperative diagnosis was made by a pulmonologist on
the basis of pulmonary function test results. In a previous
report we identified risk factors for pulmonary complica-
tions after aortic surgery, which included American Society
of Anesthesiologists (ASA) class IV, age older than 70
years, ideal body weight more than 150%, predicted forced
vital capacity 80% or less, predicted forced expiratory flow
rate 60% or less, crystalloid replacement more than 6 L, and
total operative time more than 5 hours.14 Other authors
have also reported preoperative lung disease as a contribu-
tor to prolonged LOS.15,16 In a report by Hubert et al,7
COPD had a negative effect on mortality and other com-
plications. Our results and those of others underscore the
importance of preoperative evaluation and careful postop-
erative monitoring of patients with COPD undergoing
elective aortic surgery. We now routinely obtain pulmonary
consultations for patients with suspected severeCOPDbefore
surgery, and involve pulmonologists in their care postopera-
tively. Whether this strategy will result in shorter LOS and
decreased pulmonary complications has yet to be determined.
Intraoperative factors
Duration of surgery. Duration of aortic surgery more
than 5 hours correlated with prolonged LOS with Kaplan-
Table II. Preoperative factors: effect on length of stay for
240 patients undergoing infrarenal aortic surgery*
Preoperative factor
Yes No
Pn % n %
Age 75 y 85 35.4 155 64.6 .0004†
Male sex 171 71.3 69 28.7 .1372
White race 222 92.5 18 7.5 .7698
Hypertension 167 69.6 73 30.4 .2379
Diabetes mellitus 29 12.1 211 87.9 .7559
Hypercholesterol 109 44.6 133 55.4 .9333
COPD 49 20.4 191 79.6 .0351†
Smoking 208 86.7 32 13.3 .8606
Renal insufficiency 13 5.4 227 94.65 .4686
Indication (AAA) 179 74.6 61 25.4 .4332
Cardiac history 113 47.1 127 52.9 .0714
COPD, chronic obstructive pulmonary disease; AAA, abdominal aortic
aneurysm.
*Kaplan-Meier log-rank analysis.
†P  .05.
Table III. Intraoperative factors: Effect on length of stay
for 240 patients undergoing infrarenal aortic surgery*
Intraoperative factor
Yes No
Pn % n %
Epidural analgesia 222 92.5 18 7.5 .7949
Retroperitoneal approach 94 39.2 146 60.8 .4559
Concomitant distal bypass 7 2.9 233 97.1 .1101
Blood loss 500 mL 199 82.9 41 17.1 .0006†
Operative time 5 h 76 31.7 164 68.3 .0001†
Juxtarenal aortic disease 37 15.4 203 84.6 .8027
*Kaplan-Meier log-rank analysis.
†P  .05.
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Meier analysis and approached significance with Cox re-
gression analysis (P  .0684). This might be explained by
expected higher complication rate and prolonged recovery
time in patients undergoing concomitant procedures, eg,
renal artery or lower extremity revascularization. Likewise,
more difficult surgery in hostile surgical fields is associated
with greater blood loss and fluid shift, which may lead to
subsequent morbidity. Nonetheless, the importance of per-
forming these operations expeditiously, especially at teach-
ing hospitals, where trainees perform substantial portions
of the operation, is emphasized by our results. The 5-hour
cutoff was artificial. Operative time less than this threshold
was not significantly associated with prolonged LOS, and
operative time greater than this cutoff were significant until
the number of patients remaining in the analysis was too
small.
Intraoperative blood loss. Blood loss exceeding 500
mL during surgery was associated with prolonged LOS
with Kaplan-Meier analysis but not with Cox regression
analysis. Similar to prolonged operative time, this may
reflect surgical complexity, with resultant increase in post-
operative complications and LOS. The 500 mL threshold
was also somewhat arbitrary.
Epidural anesthesia. Use of epidural analgesia might
be expected to decrease postoperative pain and thereby
enable earlier ambulation and also decrease pulmonary
complications. Additional reported benefits of epidural an-
algesia include sympathetic blockade, reduced thromboge-
nicity, and reduction of the surgical stress response in the
perioperative period.17 Such regional analgesic block may
be associated with improved respiratory mechanics, earlier
resumption of normal bowel function, and shorter LOS.
Our results suggest that epidural analgesia is not associated
with LOS after aortic surgery, although the small number
of patients who did not receive epidural anesthesia may
account for lack of significance (type II error). A previous
randomized study showed no measurable advantage of
epidural catheters in terms of operative mortality, compli-
cations, or cost.17 Although we still favor use of epidural
analgesia for better pain control and possibly to enhance
patient satisfaction, the potential for earlier hospital dis-
charge has not been proved.
Retroperitoneal approach. Some authors report that
a retroperitoneal approach for aortic surgery decreases
postoperative LOS, compared with a midline incision. Si-
card et al18 performed a prospective randomized study of
104 aortoiliac reconstruction procedures and found that
the transperitoneal approach resulted in larger intraopera-
tive blood loss, higher crystalloid requirement, more blood
transfusions, prolonged postoperative ileus, and longer
LOS, compared with the retroperitoneal approach.18 Al-
though Ballard et al19 did not find a significant difference in
postoperative complications among 50 patients with trans-
peritoneal exposure compared with 46 patients with retro-
peritoneal exposure, they did find longer ICU and hospital
LOS in patients with a transperitoneal incision. This differ-
ence was reflected in higher total hospital cost for patients
with a transperitoneal incision. Other groups obtained
concordant data, suggesting that the retroperitoneal ap-
proach reduces the incidence of postoperative ileus, pulmo-
nary edema, and pneumonia.20
Conversely, Cambria et al21 conducted a prospective,
randomized trial comparing the transperitoneal approach
with the retroperitoneal approach in 113 patients undergo-
ing elective aortic surgery. They found no significant dif-
ference in operative and cross-clamp time, blood transfu-
Table IV. Postoperative complications: effect on length of stay for 240 patients undergoing infrarenal aortic surgery*
Postoperative factor
Yes No
Pn % n %
Any complication 44 18.0 196 72.0 .0001†
Myocardial infarction 3 1.2 237 98.8 .7757
Pulmonary edema 1 0.4 239 99.6 .3575
Pneumonia 7 2.9 233 97.1 .1820
Reintubation 1 0.4 239 99.6 .9981
Deep vein thrombosis 1 0.4 239 99.6 .1424
Hemorrhage (OR) 6 2.5 234 97.5 .9791
Renal insufficiency 2 0.8 238 99.2 .4537
Wound infection 5 2.1 235 97.9 .0311†
Acute graft or artery thrombosis 6 2.5 234 97.5 .6102
Failing graft 1 0.4 239 99.6 .5172
Local nerve injury 1 0.4 239 99.6 .5304
Intestinal ischemia (OR) 5 2.1 235 97.9 .8634
Arterial embolism 1 0.4 239 99.6 .2368
Postoperative cholecystitis 1 0.4 239 99.6 .3581
Platelet dysfunction 1 0.4 239 99.6 .4516
Clostridia difficile diarrhea 1 0.4 239 99.6 .3212
Pancreatitis 3 1.2 237 98.8 .8523
Atrial fibrillation 2 0.8 238 99.2 .9810
OR, Return to operating room.
*Kaplan-Meier log-rank analysis.
†P  .05.
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sions, respiratory morbidity, narcotic requirement,
metabolic disturbance, postoperative ileus, postoperative
complications, or LOS between the two groups. Our find-
ings similarly did not demonstrate a difference based on
incision type. However, in our retrospective study patients
with comorbid conditions, eg, obesity or previous abdom-
inal surgery, may have selectively undergone a retroperito-
neal approach, confounding analysis of the effect of incision
on LOS.
Postoperative factors
Although wound infection correlated with prolonged
LOS based on Kaplan Meier analysis, only complications as
a group correlated with prolonged LOS after elective infra-
renal AAA based on Cox regression analysis. This finding
clearly emphasizes the critical importance of performing
these operations skillfully and with careful attention to
postoperative management of these challenging patients.
McAleese and Odling-Smee10 noted that complications
doubled the average LOS. Collins et al3 found that intra-
operative care and postoperative adverse events had a
greater effect on prolonged admission than did preopera-
tive factors. They suggested that cost reduction could be
achieved by performing surgery at facilities with proved
superior results.
One weakness of our study is that adjustment of care
protocols for patients at higher risk may improve results in
this group and mask a true difference in outcome that
might otherwise be observable. Another limitation of our
analysis is related to small sample groups for certain vari-
ables (type II error), eg, concomitant lower extremity
bypass, lack of epidural anesthesia, and development of
specific complications.
In conclusion, the only identifiable risk factors at mul-
tivariate analysis that correlated with increasing LOS for
elective infrarenal aortic surgery were increasing age,
COPD, and postoperative complications.
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